The Central Provident Fund (CPF) system has worked well for the majority of Singaporeans who are able to work consistently over the work cycle and have made prudent housing choice. However, the inherent structure of CPF which is based purely on contributions, is unable to address retirement adequacy of its vulnerable members. Adding a means-tested non-contributory basic pillar to the system will help make the system more inclusive. This paper studies the pension cost of a targeted old-age income support system at needy elderly to help meet their basic living expenses. A Lee-Carter stochastic forecasting is used to forecast the elderly population. Pension costs depend on the coverage and benefit levels and the cost of living adjustments. The viability of a basic retirement support scheme would also depend on the speed of ageing and the rate of economic growth.
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History of CPF and Social Protection
The Central Provident Fund (CPF) was established under the CPF Ordinance in 1953 and came into operation on 1st July 1955. Shortly after its inception, a subject of contention emerged. 1 There were concerns that the provident fund system only covered employed workers and hence would be unable to provide social protection for all, particularly the vulnerable segment of the society -the elderly, disabled and unemployed. A committee headed by Sir Sydney Caine was appointed to study the desirability and feasibility of measures to establish a "minimum standard of livelihood for the people of Singapore". (Caine, 1957, para. 1) . The Caine Committee unanimously agreed that there should be an integrated social security system that would include a contributory Social Insurance (pension) scheme to cover all workers, including the self-employed and a Public Assistance Scheme to provide social protection to the unemployed, needy and the vulnerable groups. Benefits payable should be the same in all categories, whether it be old age, survivorship, sickness, maternity or unemployed. (Caine, 1957, 42) .
The Colonial Government sought alternative view and solicited technical assistance from G.J. Brocklehurst, an International Labour Organization expert on social security measures. Brocklehurst proposed terminating the provident fund system, which had operated briefly; and to start a compulsory contributory insurance scheme with a redistributive defined benefits structure. (Brocklehurst 1957, 79) A Select Committee of Government Officials, chaired by Gillespie, was set up on 14 January 1958 to examine and correlate the reports submitted by the Caine Committee and Brocklehurst. The Select Committee unanimously endorsed the recommendations by Caine and Brocklehurst. The Select Committee was keen to start a new social security system which would integrate the social insurance and public assistance schemes. The main stumbling block, however, was how to dispose of the money already paid to the Central Provident Fund as it "would be impracticable to wind up the Fund and return to members their balances" (Gillespie 1959, 34) . The Select Committee was also mindful that the new scheme would be administratively challenging, particularly with the new redistributive contribution and benefit structures.
By early 1959, a legislation for the new social insurance scheme was drafted and ready for approval. The provident fund system would be replaced by old-age and survivors' insurance. The scope of the proposed integrated social insurance scheme was expanded to cover loss of incomes due to illnesses and unemployment, maternity benefits and public assistance program. The draft bill outlined the setup of a new social security department. The bill also gave administrative details on the transference of CPF contributions and assets to the new scheme. There were detailed directives on how CPF Board personnel at that time would fit into the new social security department. Contributions to CPF would cease and contributions to Social Insurance Fund would start. (ILO 1959, 19 and 84) Pension benefits were to be paid out from the Social Insurance Fund. Existing contributors to the CPF (with minor exceptions) would be transferred to the Social Insurance (Reserve) Fund. The transferred balances of existing contributors to the CPF were treated as contributions to the Social Insurance Fund.
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However, when Singapore achieved Self-Government in June 1959, the new Government chose to allocate the then scarce capital resources on more urgent economic investment and to postpone spending on less urgent social investments. (MOF 1961, 6 ) The immediate task then was to increase employment to address the double-digit unemployment rate at that time. Under the new directives, economic development made up about 58 percent of total capital requirements and social development 40 percent (MOF 1961, 34) .
Mr Lee Kuan Yew, in his memoirs, spoke that he and his fellow leaders aimed at creating a "fair society not a welfare society." Drawing experiences from the advanced Western countries that have adopted welfare states which saw many problems, the government explicitly pursued different philosophy and different path to avoid debilitating the system. 2 In terms of social development, priority was given to housing, education and health. Of these, housing was given the biggest share under the 1961-1964 Singapore Development Plan. The strategy was to provide low cost housing under the Singapore Improvement Trust/ Housing and Development Board. See (MOF 1961, 29) .
The provident fund was preferred over an integrated social insurance scheme at that time as the population, at that time, was relatively young, with many migrant workers. This choice was also consistent with McFadzean's observation who wrote that "the problem of retirement benefits was only a part, and possibly not the most important part of the overall social problem confronting the Government of Singapore. The expansion of the education and medical services and an improvement in the squalid housing conditions in which so many people are forced to live are social problems which rank at least as high in priority as the provision of retirement benefits." (McFadzean 1952, 3) .
Economic development thus took precedence over the establishment of a welfare state. The provision of social protection is mainly targeted at providing housing, education and medical services for Singaporeans. The provident fund system was not replaced and became the central feature of the social security arrangement in Singapore.
Currently, CPF operates as a fully funded mandatory system with individualised saving accounts. Working Singaporeans and their employers make monthly contributions to individualized CPF accounts. Contributions are channeled into three different accounts for different purposes. Savings in the Special Account (SA) and Medisave Account (MA) are earmarked for retirement and healthcare expenses, respectively. Savings in the Ordinary Account (OA) can be withdrawn for pre-retirement uses, notably to finance housing, which is a unique feature of CPF. Whether CPF can successfully provide an adequate retirement income and help protect against longevity risk depend on both the designs of the accumulation and the payout phases.
2 "We have used to advantage what Britain left behind: the English language, the legal system, parliamentary government, and impartial administration. However, we have studiously avoided the practices of welfare state. We saw how a great people reduced themselves to mediocrity be levelling down. The less enterprising and less hardworking cannot be made equal simply by cutting down the achievements of enterprising and the striving. And we have seen how difficult it is to dismantle a system of subsidized living once people get accustomed to a government providing for them." Utterance by Mr Lee K.Y. in 1985 , see Lee K.Y (2013 .
Retirement wealth depends on the accumulation of net pre-retirement withdrawals. The net accumulation of CPF saving depends on the worker's wage level and the amount withdrawn to finance housing mortgages. Hence the accumulation is sensitive to the labour market and macroeconomic environments that affect salary, salary growth and employability. How much is accumulated depends on CPF policy variables such as contribution rates, contribution period, allocations to the various accounts and returns to CPF savings. Chia (2015) narrates how net accumulation of CPF savings depends also on CPF policies, such as pre-retirement withdrawal rules and different designated saving accounts. These policy changes were made at varying times in Singapore's economic history to address social and economic needs at that times. For example, when Singapore became a new nation, the top national priority was to help Singaporeans build housing asset under the Home Ownership Scheme. The CPF Act was amended in 1968 to allow the entire CPF savings to be withdrawn to buy government flats. Hence most CPF contributions were used to build up housing assets as retirement nest egg. 3 It was only in 1977 that the CPF Board implemented a new account named the Special Account. Part of the monthly contribution is required to be deposited in this account. Savings in the special account are earmarked for retirement only and cannot be withdrawn before retirement. With the creation of the Special Account, CPF policy was re-aligned more towards retirement.
Before 1987, upon reaching age 55, members were able to withdraw the full amount of their CPF savings. The Howe Report (MOH, 1984) precipitated the rethinking of the decumulation of CPF savings which led to the tweaking of the withdrawal rule. In addressing the problem of the aged, Howe proposed that the age at which a person can withdraw his CPF savings should be raised from 55 to 60 and then to 65, in line with higher retirement age. As people work longer, the drawdown age has to postpone later. Howe Committee wrote: "withdrawal before retirement would encourage unnecessary consumption, and in some cases, misuse of savings, resulting in little or no balance for retirement." (MOH 1984, 26) . However, the proposal was met with great resistance.
Besides the accumulation phase, the design of the CPF payout phase increasingly became more important. How and when to drawdown the accumulated savings are important to ensure retirement adequacy and to minimize longevity and inflation risks. To raise retirement adequacy, in 1987, an innovative scheme -the minimum sum (MS) scheme was introduced. The MS is the amount that must be set aside at age 55 to safeguard CPF members' retirement nest egg. The decreed sum has increased progressively to yield higher payouts. The amount that can be cashed out by using property pledge is now up to 50 percent of the MS. To address longevity risk, in 2009, a life annuity CPF-LIFE scheme, was introduced to ensure that the nest egg can last a member's whole lifespan. Although CPF-LIFE help to address longevity risks, inflation risk remains. This is because CPF-LIFE payouts are fixed, with no cost of living adjustment.
Adopting a provident fund system has helped Singapore to focus on economic development strategy. Singapore has successfully transited from a third world developing country to a first world developed country within one generation. The working population working at the time of Singapore's independence are now retirees in a first world Singapore. Singaporeans have become 5 wealthier and most are asset-rich. Home ownership rate has increased from 29.4% in 1970 to 90.5% in 2013. 4 Such broad-based home ownership is unparalleled in anywhere else.
The CPF system has worked well for the broad majority of Singaporeans who have consistent employment and earning good salary and who have made prudent housing choice. 5 CPF system has helped many Singaporeans to own a house, save for healthcare and prepare for retirement. There is however room for improvement -to meet the needs of those who do not have enough CPF savings and to address inflation risks.
6 Among other issues, the CPF Advisory Panel, which was set up in 2014, has been tasked to study how to help CPF payouts keep pace with cost of living.
However, the current inherent structure of the CPF based purely on contributions is unable to address retirement adequacy of its vulnerable members. These include workers in low wage and casual jobs; stay-home mothers and older CPF members. The system does not have a social safety net for these vulnerable members. Adding a non-contributory basic pillar to the system will make the system more inclusive. Currently, low wage workers receive support from the Workfare scheme. The poorest of the elderly poor receive public assistance administered by the Ministry of Social and Family Development (MSF). Government transfers have increased significantly after 2007.
7 Some are regular transfers; others are ad-hoc, irregular and over a specific period. For examples, transfers such as rebates on utilities, GST Vouchers and Workfare Income Supplement disbursements are regular; while others such as senior citizen bonus, CPF top-ups and progress/economic growth packages are disbursed on an ad-hoc, irregular basis over a specific period. Adding a more structured first pillar, such as a means-tested basic pension, will allay uncertainties and anxieties and give peace of mind to the vulnerable.
Currently, CPF is the bedrock of social security in Singapore, with four pillars of support -housing, healthcare, retirement and income enhancement for older low wage workers. This paper explores the viability of adding another pillar. This pillar will be a basic pension scheme to provide income support for vulnerable elderly to help them meet their basic needs. The main concern, inevitably will be the fiscal sustainability of such a scheme. The experiences of the ageing developed countries show that a universal pension system can become a fiscal burden and may not be incentive compatible. With an ageing population, the base of the recipients will grow and the system becomes costly. The proposed basic pension is therefore not a universal system but a targeted approach through means-tesing. This paper evaluates the basic pension cost using an actuarial approach. Using the Lee Carter stochastic forecasting, we project the demographic landscape taking into considerations mortalities, fertilities and immigration assumptions. The paper is organized as follows. Section 2 narrates the patterns of retirement financing and expenditure of current retiree households based on the data published in the recent household 4 National Population and Talent Division (NPTD) Singapore (2014) . 2014 Population in Brief. Singapore. 5 Chia and Tsui (2014) , through simulations, demonstrate that by making prudent choice on housing, CPF savings will yield adequate retirement for young entrant workers. 6 In the recent national survey of senior citizens, 72.6% of the male elderly has CPF savings. Less than half of the female elderly (47.3%) has any CPF savings. Furthermore older Singaporeans tend not to have CPF savings. Only 37.3% for those age 75 and above have CPF savings, compared to 50.6% for those age 65 to 74. Kang et al. (2013, 57) 7 See Chia (2014) for the shifting trend in government social expenditures and the unique way of funding these expenditures through funds.
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expenditure survey in DOS (2014). Retiree households living in 1-and 2-room government public housing are the least prepared for retirement. Section 3 explains the choice of parameter assumptions used in the proposed income support scheme. It also presents the demographic landscape derived from the Lee Carter population projection model. Singapore's population is ageing fast and the proportion of population aged 65 and above is increasing. Section 4 presents the computations of pension cost and analyses the viability of the pension costs. Sensitivity of the cost computations to the parameters assumptions are also reported. These include sensitivity to the rate of growth in the real per capita GDP, the cost of living adjustments and the design of the basic pension scheme. Finally Section 4 gives some concluding remarks.
State of Current Elderly and Pattern of Retirement Financing
When CPF was instituted, many of the current elderly, especially the males, were at their prime working age. Many were migrant workers who stayed on in Singapore. Additionally, the first wave of baby boomers (born between 1947 and 1964) are now age 65 and above. Some of these are CPF members who have experienced the benefits and pitfalls of the CPF policy changes.
Many would have used their retirement savings to finance housing and are now home-owners. They are asset-rich but could be cash-poor as many were low-income earners with small CPF saving. Those who were informal workers would have little or no CPF savings. Many elderly women have low or no CPF balances as they had limited or no participation in the labor force as they were stay-home mothers.
The government has provided various options for "asset-rich and cash-poor" elderly to unlock housing equity to supplement their retirement incomes. These options are lease buyback scheme (LBS), reverse mortgage (RM), subletting and downsizing. Under LBS, homeowners sell the tailend of the flat lease to HDB. They can age-in-place in their own flats and have their remaining lease monetized. But they are unable to leave a bequest. Under RM, homeowners receive a steady stream of cash flows by borrowing against the value of their homes and repay the loans upon death and possibly unable to leave a bequest. With downsizing, elderly homeowner sells the flat to buy either a smaller HDB flat from the resale market or a studio apartment from HDB. The amount unlocked is then annuitized. However, the elderly may have to move and may not be able to leave a bequest if the elderly buy a studio apartment. With subletting, only the rental services of the house is unleashed, housing asset remains, making it possible for elderly to continue to age in place and leave a bequest. The elderly however will be exposed to the volatility of the rental market. Given all these options, the elderly have to choose an option that best match their preferences such as able to age in place and leaving a bequest. But each option would entail a trade-off. However, responses to monetization these options have been rather lukewarm. For example, since its inception in 2009, only 471 household took part in the lease buyback scheme. This represented only 0.61% of the total retiree households in 2012. After the government relaxes the rule and opens the scheme to include homeowners who have enjoyed more than one housing subsidy and or who have been private property owners, another 312 households signed up. This brings the 7 proportion of households who has signed up to about 1% of the retiree households. As of August 2015, the LBS will bes extended to 4-room flats.
The low take-up rate could be because these instruments are too complicated for the current elderly. A large proportion of the current elderly has low or no education qualifications and lacks basic financial knowledge. Retirement planning products must be framed in such a way so that it is easily understood. Subletting is the most easily understood and is the most utilized option. Information on rents is readily available as HDB publishes the median rent by town and flat types on its website. Elderly homeowners could use these information as guide before entering into a rental agreement. Subletting allows elderly to monetize part of their flat into cash and they can age in place. The option to leave flat as bequest remains. Elderly homeowners with other housing alternatives, such as moving in with their married children, can unlock more housing equity by subletting the whole flat. However, incomes generated from subletting will depend on the economic condition of the rental market.
Elderly retirees are averse to lease buyback and reverse mortgage schemes as they exhibit what behavioral economists call the "endowment effect". In behavioral economics, endowment effect is the hypothesis that people ascribe more value to things they own and "it is hard for people to give up what they owned." It is difficult for people to give up a large lump sum for small monthly payouts. Monetization schemes entail annuitization, with lump sum housing wealth being converted into monthly payouts. Although it helps transform the risk and uncertainty of outliving their resources to receiving a guaranteed monthly income for life, people would decline buying such a product. Economists call this "annuity puzzle". Eminent behavioral economist Thaler offered several explanations for the unpopularity of annuities. Amongst other reasons, for the elderly "Buying annuity is scary and complicated. Shopping for an annuity with hundreds of thousands of dollars at stake can be daunting, even for an economist". (Thaler, 2011) . Another reason is that people are "loss averse" or simply "kia-su" (afraid to suffer loss). Instead of seeing annuities as part of the overall optimization of retirement portfolio, individuals doubt that they will live long enough to make back the initial investment. Annuities therefore appear unattractive because the pain of "losses" from the annuity (if the annuitant dies early) would be relatively larger compared to the gratification of potential "gains" from living a long time, even pass life expectancy. Furthermore, not being able to leave a bequest does not jibe well with people's preference.
Housing wealth is a large proportion of the elderly's retirement wealth. In a sample household survey conducted by the Housing Development Board (HDB) in 2008, 83 percent of the elderly (aged 65 and over at the time of the survey) considered the HDB flat they lived in as their main personal asset, followed by savings or fixed deposits. CPF savings was their third main retirement wealth. (HDB 2010, 180) . A higher proportion, about 93 percent of the future elderly (those aged 55 and 64 at the time of survey) regarded the HDB flat they lived in as their major asset, followed by CPF savings. Based on the National Survey of Senior Citizens in 2011, which covered around 5,000 respondents, slightly more than a quarter of the respondents encountered some degree of financial inadequacy. About one third perceived that they have inadequate financial resources. "Low or no income" and "high cost of living" are the two most cited reasons for their financial inadequacy. (Kang et al., 2013, 8) The Department of Statistics conducts the household expenditure survey. In 2012/13, 11,000 households were polled. For the first time, the survey reports in great details the income and expenditure patterns of retiree households. Retiree households are those comprising solely nonworking persons age 60 and above. About 70% of the retiree households live in HDB flats. About a third in 3-room flats; and about a fifth in 4-room HDB. About 16.5% of retiree households live in 1-and 2-room HDB, including HDB studio apartments. Table 1 shows the sources of retiree household incomes by dwelling types. Retiree households' incomes are from non-work sources. These include rental and investment income; transfers and contributions from relatives and friends; annuities and CPF monthly payouts and social assistance and government transfers. Government transfers and rebates/subsidies comprise regular transfers; with rebates/subsidies reflected as reduced prices of services offered and as ad-hoc transfers. The average monthly income for retiree households living in HDB flats, excluding imputed rent of owner-occupied housing, is $1735. The average monthly income of the retiree household would put them on par with first income decile of the employed household. The average income of the first decile employed household are $1644 in 2012 and $1711 in 2013. Singstat (2015, Table  12A ). The average monthly non-work income for retiree households living in private apartment and landed property are $3800 and $5300 respectively. This would put them, respectively, on par with those in the 30 th and 50 th percentile of employed households. Among resident employed households, the median household income from work is $7,570 in 2012 and $7,870 in 2013. (DOS 2014a, 4) Figure 1 plots the composition of income for retiree households according to dwelling types. Payout from CPF savings is not an important source of income for the wealthier retiree households in landed property. CPF payouts contributed only about 7% to the total non-work income. Investment and rental incomes are more important sources, contributing 44% and 32% respectively to their total non-work income. For retiree households in condominiums and private apartments, rental income is also an important non-work source at 30% and investment income at 26%.
=== Figure 1 ===
The composition of income sources for retiree households in 3-room, 4 room and 5-room HDB are quite similar. On average, rental income contributes about 9% to the retiree household's income. CPF payouts form approximately 14% of total non-work income, compared to 7% for those in landed property. Monthly CPF payouts are $145, $173 and $250 for retiree households in 3-, 4-and 5-room respectively. The average annuities and monthly payouts from CPF minimum sum scheme for these retirees is $164. The low payouts could be due to the historical CPF policies regarding pre-retirement withdrawals and withdrawals at age 55. Low payouts could result from low net savings because of large withdrawals from CPF savings. Given the prevailing CPF policies during their times, these elderly were able to withdraw almost all their CPF savings for housing. They were also allowed to make lump sum withdrawals when they were at age 55. When MS was incepted in 1987, it was estimated that a MS of $30,000 in cash would yield a monthly payout of $230. In 2003, although the MS was higher at $80,000, half of the decreed MS would yield $252 a month to last 18 years.
The reported amounts of average CPF payouts in the household survey seem to indicate that most elderly were unable to meet even half of the decreed cohort-specific MS in cash. Furthermore, retirees who were age 60 and above in 2012 would have belonged to the cohorts who turned 55 in 2007 or earlier. In 2007, only 36% could meet the MS (including using property pledge). Figure  2 is a plot on the proportion of CPF members who were able to meet the cohort-specific MS at age 55. Between 1996 and 2004, as the minimum sum was adjusted upward, the proportion of CPF members able to meet the minimum sum fell. Even for those who could meet the minimum sum, they could have done so using property pledge and cashed out most of their CPF monies.
=== Figure 2 ===
Traditionally, familial financial support, particularly from children, is the most important source of income for the elderly. This feature also shows up in Table 1 . Private income transfers refer to contributions received from relatives and friends not staying in the same household. As can be gleaned from Table 1 , for retiree households living in HDB, income transfer is a major source of non-work income. Its importance surpasses incomes from rent, investment and CPF payouts. Figure 3 shows that private transfer is the most important income source for retiree households living in HDB, contributing to a third of the retiree household's non-work income.
=== Figure 3 ===
While familial transfers are still important, it has been trending down. This is evidenced from the three rounds of national survey of senior citizens conducted in 1995, 2005 and 2011. Figure 4 graphs the proportion of elderly who cited income transfers from children as the most important source of financial support. Among elderly aged 65 to 74, 79% received most of their income support from children in 1995. But by 2011, this proportion dropped to 45%. For those aged 75 and above, the drop was less dramatic -from 86% in 1995 to 64% in 2000, and remained at this level in 2011. The diminishing importance of income transfer from children as the most important source of income support for the elderly could be due to shifting family values or/and changes in social and economic environment. Shrinking household sizes could have led to declining number of family members available to care for the elderly. Or it may be that elderly have become or want more financial independence. It is expected work income to become a more important source of income as people work longer. This is particularly so for those in the age range of 55 and 64. This group works longer because of postponement of retirement age and implementation of the Reemployment Act.
But retiree households living in 1-or 2-room HDB are the least prepared for retirement. They rely heavily on private transfers and social assistance for financial support. As seen in Figure 1 , almost 84% of their non-work incomes come from private transfers from relatives and friends (40%) and others (44%). "Others" include income from pension, social welfare grant, regular payment from insurance protection policies and regular government transfers. Without these transfers and social assistance, these households would experience significant economic hardship.
The ComCare Endowment Fund has been the key source of funding for needy Singaporeans. ComCare Fund started in 2005, with a capital injection of $250 million from the Government and top-ups from budget surpluses. The fund stands at $1.7 billion in 2014. (MSF 2014, 4) . The ComCare Long Term Assistance program targets at the "most needy who are unable to work due to old age, illness or disability have limited or no means of income and have little or no family support." (MSF 2014, 7) . In FY2013, $17.33 million was disbursed to 3,187 household. On average, each household received $5437 per year or $453 per month for their daily living expenses. The level of income support for public assistance is $450 per month. Some elderly are recipients under the public assistance scheme administered by MSF. The need for public assistance by elderly has gone up. In 2005, only 0.6 percent of the respondents in the National Survey of Senior Citizens cited that public assistance was their main source of income. But the proportion doubled to 1.1% in 2011. See Kang et.al (2013, 54 ).
Means-Tested Basic Retirement Support
This paper proposes formalising a system of income support for the elderly poor. 9 The proposed basic pension is means-tested and adjusted for cost of living. The income and expenditure patterns for retiree household in 1-to 4-room HDB reported in the Household Expenditure Survey 2012/2013 (DOS 2014a) will be used to estimate the benefit level and the coverage of such a scheme. Table 2 presents the average monthly expenditure per household member among retiree households living in 1-to 4-room HDB. Excluding imputed rentals of owner-occupied accommodations, the average monthly expenditure per household member is $1,012 for all retiree households (both HDB and non-HDB dwellers); and $819 for HDB dwellers.
=== Table 2 ===
The proposed income support is to help needy elderly meet their basic needs. 10 We therefore exclude expenses on 'non-basic" goods and services from the expenditure components in the household expenditure survey. The following categories of expenditures are excluded -personal care services, recreation and culture, educational services, accommodation services, alcoholic beverages and tobacco, other non-assignable expenditure. However, expenses on "food servicing services" are kept as basic expenditure. "Food servicing services" includes meals bought from restaurants, hawker centres, food courts etc. Cooked food, particularly meals bought from hawker centres and food courts are convenient, and sometimes necessary substitutes for prepared food for many elderly in Singapore. As there is no detailed breakdown, we are unable to exclude meals from restaurants. We assume that expenses on "meals from restaurants" to be small for the less well-to-do elderly.
The average monthly basic expenditure excluding imputed rentals, for each household member living in 1-&2-room, 3-room and 4-room HDB are respectively $532, $587 and $650. The average expenditure is about $590. We therefore infer that $600 per month will be a good estimate of the average basic living expenses for home-owning retirees. Retirees living in 1-, 2-room HDB 9 This research was completed independently before the announcement of the Silver Support Scheme announced in Budget 2015. The silver support scheme is a means tested cash support for the elderly poor. The means-tested basic pension scheme share many similar features with the Silver Support Scheme. 10 There is a need to calibrate "basic expenditure" as Singapore does not use a defined poverty line to reach out to the needy. Instead a "multiple lines of assistance" is used to identify people in need of support. See the website of the Ministry of Social and Family Development at: http://app.msf.gov.sg/Press-Room/Poverty-Line-in-Singapore; accessed on 23 January 2015.
flats may be renters. If rental cost is included, the average monthly basic expenditure outlay for the elderly in 1-, 2-room HDB will be higher, at $630.
11 As discussed earlier, almost 84% of their non-work incomes come from private and government transfers. Assuming familial support to continue and the current system of government's in-kind transfer programs to remain, a monthly payout of $500 per person will be a good estimate for income support to meet basic living expenses. For sensitivity analysis, we also compute pension cost at varying benefit levels to reflect more generous and more conservative support. The benefit level is also adjusted to the cost of living. As there is no published CPI for elderly, core inflation index is used. The average core inflation from 2002 to 2013 is 1.7%. For sensitivity analysis, we will use different cost-of-living adjustments (COLA) assumptions.
The proposed income support is not universal but covers the needy elderly. The eligibility age of recipient is set at age 65 which is the definition used for elderly. Based on DOS (2014, 247), the least prepared retiree households live in 1-or 2-room HDB. Assuming a two person household, we set the coverage to be the poorest 30% of the total elderly population.
Support Cost -Actuarial Calculation
We estimate the pension cost in year 2015 and project it 2050. At time t, the pension cost at time t (Ct) is represented by the following equation:
We set C15 as the pension cost in year 2015 and C50 is the projected cost in year 2050. Pension recipients will start receive payouts b at age x=α. Recipients of the basic pension must be at least age α. The basic pension targets at the poorest β percentage of the eligible population. The total cost in year t will depend on the coverage which depends on the proportion covered (β) and the number of elderly who are age α and older in year t.
Given the phenomenon of feminization of ageing, we compute pension costs for different genders.
, and , respectively represent the number of male and female population who are age x in time t. This together with the proportion of poor (β) covered will give the forecasted cost of the basic pension. To forecast the number of pension recipients, we use the Lee Carter stochastic demographic model to forecast mortality to obtain the number of elderly residents in each age group as the population ages. The well-established Lee-Carter model to forecast mortality rates for population projections is presented in Annex 1. Population projection is based on the historical mortality rates obtained from Singapore's Complete Lifetables from 2003 to 2013 from DOS (2014b). The demography package in R written by Hyndman to forecast future mortality rates. The demographic forecast results are in line with expectations of improving mortality over time as shown in the forecasted survival functions.
In the population projection, instead of total fertility rate, a parametric model is used to fit the agespecific fertility rates for 2013. Immigration assumptions are also incorporated. Currently, 20,000 12 new citizens from the pool of permanent residents are added to the population each year. We assume the current immigration policy to continue in order to keep the citizen population from shrinking. (NPTD 2014, 13) . Since the majority of the permanent residents are in the prime working ages of 25 to 49 years, these residents are distributed uniformly to the existing population, equally between genders and across 25 to 49 years old. In 2013, non-resident accounts for 28.8% of total population and capped at 20% of the total population. This is in line with the manpower policy of reducing reliance on foreign manpower and improving labor productivity. Non-resident population is capped at 20% of the total population to meet manpower needs in the healthcare sector, and for construction workers and foreign domestic workers.
12 (NPTD 2012) . In the simulation, we assume non-resident population to moderate at a rate of 3% per annum. The forecasted resident population would reach about 4.4 million in 2030, which corroborates with the Government's projections in the Population White Paper (NPTD 2013). Figure 5 shows the changing demographic landscape for Singapore from 2013 to 2050. Over time, the population distribution shifts to the right, indicating an ageing population. The right tail also becomes fatter through time, indicating a larger proportion of elderly population. Figure 6 shows that by 2050, the population pyramid would be fully inverted. Indeed, elderly population as a proportion of resident population will increase at an unprecedented rate. By 2019, it will reach 14% and at 20% by 2026. It would have taken Singapore 19 years to transit from an 'ageing' to an 'aged' population. 13 But the transition to a 'super-aged' population will be much quicker, in less than 10 years. In contrast, Japan took nearly 25 years to transit from an 'ageing' to an 'aged' population structure while the US took nearly 66 years. Figure 7 plots the age pyramids of the elderly population (age 65 and above), for 2013, 2030 and 2050. Compared to the elderly population pyramid in 2013, the pyramids in 2030 and 2030 show that the "oldest old" (age 85 and above) is the fastest growing age group. By 2030, the youngest cohort of the baby boomer will be the "young old" at age 65 and in 2050, they will become the "oldest old". By 2030, the youngest of the pioneer generation will be 80 years old and by 2050 they would have exited the population.
=== Figures 5 and 6 ===
14 We will report pension costs for these years: 2015, 2030 and 2050. The age pyramids of the elderly population show evidence of feminization of ageing. There are more female elderly than male elderly, especially at older ages.
=== Figure 7 ===
With mortality improvement and ageing population, the number of basic income support recipients will go up and so will pension cost. The viability of the providing basic pension is evaluated in 12 The Economic Strategies Committee had recommended maintaining foreign workforce at about one-third of the workforce. (MTI 2010, 7) . Given the recent shift in manpower policy, in our simulation, we set foreign workforce at a fifth of the population. 13 An aging, aged, and super-aged society is defined by the United Nations to be when the proportion of a population aged 65 and above exceeds the 7%, 14% and 20% levels respectively. If elderly population is computed as a proportion of total population, that is, including non-residents and foreigners, then becoming "aged" and "super-aged" will occur later. 14 The pioneer generation refers to the 450,000 Singaporeans who are aged 65 and above in 2014, and who belong to the birth cohorts of 1949 or earlier.
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terms of its cost relative to GDP. This is because fiscal strength is premised on economic growth. As expected of a mature economy, economic growth rates will be lower. In this paper we project GDP taking the actuarial approach. We first apply growth rates to the base GDP per capita in 2013 to project GDP per capita. The projected GDP per capita for year t is then multiplied by the forecasted population in year t to yield projected GDP at year t. The projected population is generated from the Lee Carter mortality forecasting model. Using the GDP per capita in 2013 at S$69,050 as the starting value, we project GDP to the year 2050. Table 3 presents a sample of ageing and more mature economies that have experienced falling real GDP per capita growth rates. In the past decade, Singapore's annual real GDP per capita growth has slowed to about 3 to 3.5%. In the base case, we assume a rather optimistic real GDP per capita growth rate to be 2.5%. For sensitivity, we assume a more optimistic real growth rate of 3% and slower real growth rate of 0.5% to 2%.
=== Table 3 ===
Pension Cost under Base Case and Sensitivity Analyses
The parameters used in the pension cost calculations are given in Table 4 . In the benchmark, the monthly pension benefit is $500 per month which is adjusted annually by the cost of living at 1.7% per annum. In the benchmark computation, the basic pension covers 30% of the elderly population. Table 5 Figure 8 compares the projected costs of basic income support for elderly men and women. Given the feminization of ageing, the pension costs for women are higher than for men. On average, the cost of providing income support for female elderly is about 10 to 15% higher than for male elderly.
=== Tables 4 and 5 ===
=== Figure 8 ===
The viability of the pension scheme, which is evaluated as percent of GDP, depends on economic growth. We perform sensitivity analyses of the pension cost as percent of GDP (C/Y) to the real growth rates of GDP per capita (g). Pension cost as percent of GDP increases gradually when the economic growth rate exceeds the pace of ageing. As can be gleaned from Figure 9 , when the economic growth rate is low, the cost of providing pension is higher. When g is 2% or higher, pension cost as percent of GDP increases gradually over time. At slower growth rates, for example when g is below 1.5%, C/Y increases steadily. Table 6 shows that when at g = 1%, pension cost is 0.3% of GDP in 2020, increasing to 0.5% of GDP in 2030 and will reach about 1% of GDP in 2050. But when g is below 1%, for example at g=0.5%, by 2050, the cost will exceed 1 % of GDP, at 1.2%. The increase of C/Y over time is more gradual when g is higher. When g = 3.5%, C/Y is 0.26% in 2020, increasing gradually to 0.35% in 2030 and 0.41% in 2050. It is observed that as time advances, the sensitivity of C/Y to g becomes more magnified. The last row computes the difference in C/Y under the using most pessimistic growth rate (g=0.5%) and the benchmark growth rate (g=2.5%). Notice that the difference in C/Y becomes magnified over time. In 2020, the difference was 0.048%, which widen to 0.181% in 2030. Therefore the viability of providing pension when the population is ageing depends on the long term economic performance.
=== Table 6 ===
Next we perform sensitivity of pension costs using the parameterization in the base case to the cost of living adjustments (COLA). In the benchmark, we set COLA to the average core inflation. The average core inflation from 2002 to 2013 is 1.7%. Figures 10 and 11 show that adjusting the benefit payout by using a smaller COLA factor will significantly dampen the size of the pension cost and the pension cost as percent of GDP.
=== Figures 10 and 11 ===
Sensitivity Analyses
We also compute pension costs assuming more conservative and more generous income supports. For more conservative income support, the benefit level is set at the current level of subsistence monthly income support under public assistance, at $450. The cost of living adjustment is set at 1%, lower than the average core inflation. Basic pension income support covers only poorest 20% of the elderly population aged 65 and above. For a more generous income support scheme, the monthly pension benefit is set at $600 per month, with an annual cost of living adjustment of 1.7% per annum covering half of the elderly population.
Keeping the macroeconomic variables the same, a more generous scheme will increase the pension cost considerably. See Figure 12 . Under the benchmark scenario, when benefit level is at $500 per month, covering the poorest 30% of the elderly population, the projected pension cost is 0.41% of GDP in 2030 and 0.58% of GDP in 2050. When the benefit level is increased to $600 per month and covering the bottom half of the elderly population, pension cost as percent of GDP will be higher -at 0.83% in 2030 and 1.16% in 2050. Pension cost will exceed one percent of GDP using the benchmark real growth of GDP per capita at 2.5%. Under the more conservative scenario lower monthly benefit level at $450 and covering the poorest 20% of the elderly population will keep the pension cost to around 0.3% of GDP.
=== Figure 12 === 15
Conclusion
As a fully funded and defined contribution system, the CPF system is financially sustainable. The CPF system has worked well for Singaporeans who are employed and enjoyed good income and have exercise prudence in their housing consumption. The CPF system has helped these Singaporeans to own a house, save for healthcare and prepare for retirement. However, there are rooms for improvement -to meet the needs of those who do not have enough CPF savings and to address inflation risks. The CPF system maintains a one-to-one correspondence between contributions and withdrawals. It is thus unable to address the retirement adequacy of its vulnerable members. These are low wage workers and hence have low CPF accumulation. It also includes those who were unable to work because of disabilities, the stay-home mothers without CPF savings and elderly without any familial support.
Interestingly after 50 years of independence, we are revisiting issues raised before Singapore became independent. These issues were discussed in various reports, for examples, Brocklehurst (1957) , Caine (1957 ), McFadzean (1952 and others. In the last fifty years, the social and economic landscapes of Singapore have changed. Changes in the demographic landscape are particularly significant and Singapore will soon achieve the status of "an aged society". Establishing a dignified and minimum standard of living for the vulnerable increasingly requires active policy interventions.
The expansion of government redistributive program through the various government transfer scheme is a step in the right direction to address social inclusivity and income inequality. Although Gini coefficient has improved, retirement inadequacy still looms. Even of those who turn 55 in 2013, only about half of the CPF members can meet the cohort-specific minimum sum. And even of these, 15 percent are able to meet the MS using the property pledge. Adding a basic pillar to the CPF structure will help the elderly poor to help them meet their basic expenditure to enable them to live independently with self-respect and dignity. The proposed support scheme is not a universal scheme but will be means-tested to keep it viable. As long as real growth rate stays higher than 1% per annum and using the base case assumptions for immigration and foreign worker population, the cost of the means-tested pension will be kept within 1% of GDP. The pension costs as percentage of GDP will be higher if more restrictive immigration and foreign population assumptions are made. Furthermore, measures have to be put in place so that the scheme is incentive compatible and minimise disincentives to work, save and annuitize.
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Financing an ageing population is indeed challenging. Generally, welfare provisions in Singapore are targeted schemes which are funded using endowment/ trust funds. These funds are set up with injections from the accumulated budget surpluses. For endowment fund, only interest and investment earnings on the funds are allowed to be used to provide welfare benefits; the fund capital is untouched. For trust fund, the capital amount can be spent down. In 2014, the government set aside $8 billion as the Pioneer Generation Trust Fund to meet the long term medical 16 needs of the pioneer generation. A similar trust/endowment fund can be set up from capital injections from the accumulated budget surpluses or reserves, if necessary. The experience of implementing the Medishield Life means-testing scheme would have provided the government with the necessary machinery to implement a means-tested basic pension scheme.
In conclusion, the CPF machinery has evolved to adapt to the changing demographic landscape and the shifting ideology on building a more inclusive society. By including more risk-pooling in the CPF-LIFE scheme and by adding basic retirement cash supplement through the budgetary system, the form and functions of CPF have changed. Nonetheless, even with these changes and shifts, CPF Board still adheres to its original mission of maintaining and ensuring a sustainable system. There is no move towards a collective social insurance scheme, such as the pay-as-yougo system. Such system is unsustainable and distorts retirement decision, besides generating both inter-and intra-generational inequities. In its inception, CPF was a pure defined contribution scheme; and CPF members need not make their own investment choice but enjoy a capital protected guaranteed returns. The implementation of the CPF-LIFE scheme allows for risk pooling and addresses longevity risk.
The introduction of a means tested Silver Support Scheme is a step forward to build "a strong element of collective responsibility built into the CPF scheme. The Government provides support through the Budget to lower income members and provides assurance to all." 16 The current social protection in Singapore, in terms of retirement adequacy, has incorporated some measures to establish a "minimum standard of livelihood for the people of Singapore" as proposed by Sir Sydney Caine in 1957, but through different forms and measures. The CPF system has evolved to become both individual and collective to ensure that it is sustainable and more inclusive. It is "individual" as it is based on individual savings and responsibility. It is "collective" as a meanstested basic retirement support is built into the CPF system. 
Annex 1: Lee Carter Stochastic Mortality Forecasting
To project mortality rates, we use the widely established Lee-Carter Model (Lee and Carter, 1992) . The Lee-Carter model has been successfully applied to the G7 countries to forecast life expectancy at birth. The model assumes that the log of the central mortality rate follows a stochastic random walk with drift which is expressed as:
where mx t is the central death rate in age class x in year t; ax is the additive age-specific constant, reflecting the general shape of the age schedule; bx is the responsiveness of mortality at age class x to variations in the general level; kt is a time-specific index of the general level of mortality; μ and φ are parameters; εxt is the error to the actual age schedule, assuming to follow a normal distribution with zero mean and a constant variance; and ηt is the white noise.
Assuming a uniform distribution of death, the central mortality rate is related to the mortality rate defined as qx,t by: Table 4 for the parameter assumptions for the different cases. 
